Background: Extrapulmonary tuberculosis is likely a marker of underlying immune compromise. Our objective was to determine race and sex differences in extrapulmonary tuberculosis risk in order to identify the optimal population in which to assess for host factors associated with extrapulmonary tuberculosis.
Background
The global burden of tuberculosis is enormous, with 9.2 million new cases and approximately 2 million deaths in 2006 [1] . However, most persons infected with Mycobacterium tuberculosis do not develop active tuberculosis. Identification of the risk factors that predispose to tuberculosis would allow for targeted strategies to prevent it and decrease its global burden.
Tuberculosis presents in a variety of clinical manifestations, but the pathogenesis that determines site of disease is not well understood. Extrapulmonary tuberculosis is likely a marker of underlying immune compromise. HIV infection is associated with an increased risk of extrapulmonary tuberculosis, and the risk increases as the CD4+ lymphocyte count declines [2] . Extrapulmonary tuberculosis is more common in children than adults, presumably due to an immature immune system in children [3] . We have previously noted subtle immunologic defects, such as low numbers of CD4+ lymphocytes and low unstimulated cytokine production, in HIV-seronegative adults with previous extrapulmonary tuberculosis [4, 5] . Persons with extrapulmonary tuberculosis represent a population in which to evaluate immune defects that predispose to tuberculosis.
Epidemiologic studies have found that among persons with tuberculosis, blacks and women have a higher proportion of extrapulmonary disease compared with nonblacks and men, respectively [6, 7] . These race and sex differences have been postulated to result from discrepancies in access to care, transmission dynamics, and underlying host co-morbidities [8] but the specific etiology remains largely unexplained. An assessment of a possible interaction between race and sex and extrapulmonary tuberculosis risk has not been evaluated in more than 30 years [9] . In addition, the race and sexspecific incidence of extrapulmonary tuberculosis, which is a better estimate of risk than the proportion of persons with extrapulmonary disease among persons with active tuberculosis, has also not been determined in a U. S. population in over 30 years [10] . Examining both of these parameters could help explain observed differences in tuberculosis risk between patient populations.
The objective of this study was to estimate race-and sex-specific incidence rates of extrapulmonary tuberculosis in Tennessee to identify the optimal population in which to assess host factors associated with extrapulmonary tuberculosis. We also analyzed race and sex differences in the proportion of extrapulmonary disease among persons who developed tuberculosis. In addition, we assessed for other risk factors for extrapulmonary tuberculosis in our population, such as age, foreign birth, and alcohol and drug use.
Methods

Study population
We identified all tuberculosis cases reported to the Tennessee Department of Health between January 1, 2000 and December 31, 2006 . Demographic characteristics of Tennessee and details regarding the organization of the Tennessee Department of Health are provided in Additional file 1: Appendix-Tennessee Demographics. Previous studies, including one performed in Tennessee, have found reporting of tuberculosis cases to local and state health departments to be accurate [11, 12] . Clinical and demographic data were obtained when patients presented for tuberculosis treatment.
The study protocol was approved by the Institutional Review Boards of the Tennessee Department of Health, the Nashville Metro Public Health Department, and Vanderbilt University Medical Center.
Study definitions
Verified tuberculosis cases were grouped into three categories based on site of disease: pulmonary, extrapulmonary, or both. For the purposes of our analysis, patients with both pulmonary and extrapulmonary tuberculosis were classified as extrapulmonary. In Tennessee, four criteria are used to verify tuberculosis cases as defined by the Centers of Disease Control and Prevention: (1) isolation of M. tuberculosis from a clinical specimen, (2) a positive stain for acid-fast bacilli within a clinical specimen (3) clinical diagnosis, or (4) provider diagnosis [13] . A clinically verified tuberculosis case met all of the following criteria: a history consistent with tuberculosis, abnormal imaging, a positive tuberculin skin test, signs and symptoms compatible with tuberculosis, and treatment with two or more anti-tuberculosis medications. A case verified by provider diagnosis met the same criteria as a clinical diagnosis, but lacked a positive tuberculin skin test.
Per health department protocol, upon being identified as a tuberculosis case or suspect an individual is interviewed by health department staff and demographic, clinical, laboratory, and risk factor information is collected and subsequently reported to the Centers for Disease Control and Prevention. Race was classified for the purposes of this study as black and non-black (Caucasian, Asian, American Indian, Hawaiian/Pacific Islander). Substance abuse, including injection drug use, noninjection drug use, and excess alcohol use during the year prior to tuberculosis diagnosis were recorded during the initial patient interview. Alcohol consumption was recorded as excessive based on the judgment of tuberculosis clinic personnel at the time of interview.
Statistical analysis
Tuberculosis incidence was calculated by dividing the number of tuberculosis cases during the study period by cumulative annual estimates of the mid-year Tennessee population 2000-2006 based on United States census data [14] . Annual census data were used to estimate person-time for rate calculations. Annual incidence rates were reported per 100,000 population, and stratified by age, sex, and race. Unadjusted rate ratios and 95% confidence intervals were calculated. We stratified these parameters by race and sex given the possibility of an interaction between these two variables.
Differences in categorical risk factors between persons with pulmonary and extrapulmonary disease were compared using Pearson's chi-square test. Differences in continuous risk factors were compared using the Wilcoxon rank-sum test. All risk factors of interest were determined a priori and included in an adjusted logistic regression analysis to determine those risk factors associated with extrapulmonary disease among persons with tuberculosis. In addition to an analysis which included only those patients with known HIV status, we imputed HIV status for persons in whom it was unknown and refit the regression model. Missing HIV status was estimated using a single imputation model [15] . To account for the additional variability of using an imputed risk factor, we used bootstrapping to estimate standard errors [16] . All analyses were performed using STATA software, version 10 (Statacorp LP, College Station, TX).
Results
Characteristics of the study population
There were 2,142 verified tuberculosis cases reported to the Tennessee Department of Health during the study period. Tuberculosis cases met the following verification criteria: 1693 persons (79%) had positive culture for M. tuberculosis; 3 persons (0.1%) had positive acid-fast staining of sputum or tissue; 344 cases (16%) were clinically verified; and 102 persons (5%) were verified by provider diagnosis.
There were 564 (26.3%) persons with extrapulmonary disease and 1577 (73.6%) with pulmonary disease. There was a higher proportion of black, HIV-infected, and foreign-born persons with extrapulmonary disease compared to those with pulmonary disease (Table 1) . The most common sites of extrapulmonary TB were lymphatic and pleural ( Table 2 ). Extrapulmonary disease was less likely to be culture-confirmed (64.4%) than pulmonary disease (84.3%) (p < 0.001). There was no detectable difference in culture-confirmed extrapulmonary tuberculosis between men and women (65.2% vs. 63%, p = 0.59) and non-blacks and blacks (64.3% vs. 64%, p = 0.94).
Of those with tuberculosis, 195 (9.1%) were HIVinfected, 1,376 (64.2%) were HIV-uninfected, and 571 (26.7%) had unknown HIV status. Persons with unknown HIV status were more likely to be female (57%), have a higher median age (66.4 years), identify themselves as white (66%), have been born in the United States (89%), and less likely to be homeless (4%) or use illicit drugs (2%).
Incidence of extrapulmonary tuberculosis
The incidence rates of tuberculosis stratified by sex, race, and site of disease are shown in Table 3 . The incidence rate ratio of extrapulmonary tuberculosis in blacks compared to non-blacks was 5.5 (95% CI 4.7-6.5). The incidence rate ratio of extrapulmonary tuberculosis in men compared to women was 1.7 (95% CI 1.4-2.0). Black men had the highest annual rate of extrapulmonary tuberculosis (5.93 per 100,000 population), followed by black women (3.21 per 100,000), non-black men (1.01 per 100,000 population), and non-black women (0.58 per 100,000 population). Blacks had consistently higher rates of extrapulmonary tuberculosis compared to non-blacks at all ages, but the disparity was greatest in males aged 0-9 and 40-49 years, and in females aged 0-9 and 10-19 years ( Figure 1 ).
When the analysis was restricted to culture-confirmed extrapulmonary cases, black men still had the highest annual rate of extrapulmonary tuberculosis (3.97 per 100,000 population), followed by black women (1.92 per 100,000 population), non-black men (0.64 per 100,000 population), and non-black women (0.38 per 100,000 population).
Proportion of extrapulmonary tuberculosis
The differences in the proportion of extrapulmonary disease stratified by race and sex are shown in Table 4 . Among all persons with tuberculosis, blacks were more likely to present with extrapulmonary disease than nonblacks (31.5% vs. 22.2%, p < 0.001) and women were more likely to present with extrapulmonary disease than men (30.5% vs. 24.3%, p = 0.002). Black women were most likely to present with extrapulmonary disease (38.6%), followed by black men (28.1%), non-black women (24.6%), and non-black men (21.1%).
When the analysis was restricted to culture-confirmed extrapulmonary cases, black women were still more 
Factors associated with extrapulmonary tuberculosis among persons with tuberculosis
Although a test for interaction between race and sex was not significant (p = 0.77), based on the different incidence and proportion of extrapulmonary disease by race and sex described above, we stratified our logistic regression analysis by these factors (Table 5) . Black women were significantly more likely to have extrapulmonary tuberculosis than non-black men after adjustment for age, HIV infection, foreign birth, and socioeconomic factors including excess alcohol use, drug use, and homelessness. Black men also had higher odds of extrapulmonary tuberculosis than non-black men. HIV infection and foreign birth were independently associated with higher odds of extrapulmonary tuberculosis. Alcohol use was significantly associated with lower odds of extrapulmonary disease. Age over 20 years in 10-year increments was associated with lower odds of extrapulmonary disease, though this was not always statistically significant. With the exception of increasing age being associated with lower odds of extrapulmonary tuberculosis, the analysis using imputed HIV status for persons in whom it was missing had similar results to that with such patients (Table 6) . 
Discussion
The incidence of a disease manifestation and the proportion of diseased persons with that manifestation are two different epidemiologic methods to assess the extent of a disease in a population. Incidence measures the risk of disease [17] . An individual's risk of extrapulmonary tuberculosis is determined by the degree of exposure to the pathogen and host immune factors that affect tuberculosis risk after M. tuberculosis infection (e.g., HIV infection). The proportion of extrapulmonary disease among tuberculosis patients is not likely associated with tuberculosis exposure; it is more indicative of the host's immune response to M. tuberculosis. Despite our extensive knowledge of tuberculosis epidemiology and human immunology, two questions remain unanswered: which factors determine whether an individual develops tuberculosis after M. tuberculosis infection; and which factors are associated with extrapulmonary dissemination? In this study, we sought to identify populations at highest risk of extrapulmonary tuberculosis.
We found in our study population that blacks had a significantly increased risk of extrapulmonary tuberculosis compared to non-blacks. This may be related to higher overall tuberculosis rates in blacks than nonblacks in the United States, in which the tuberculosis incidence is nearly 8-fold higher in U.S.-born blacks than U.S.-born whites [18] . Several factors likely contribute to this racial disparity, including differences in tuberculosis exposure, socioeconomic status, and access to medical care [19] . Another possible explanation is that the prevalence of HIV infection is higher in blacks and the resulting immunodeficiency leads to a higher risk of extrapulmonary tuberculosis.
There have been no recent studies that quantified the incidence of extrapulmonary tuberculosis in blacks. A study published in 1979 assessed the burden of tuberculosis in the United States by sampling thirteen states and two cities [10] and reported a 5-fold increase in rates of extrapulmonary TB in blacks compared to whites (6.5 vs 1.3 per 100,000 population). We found similar rates in blacks in our study. Interestingly, although men have traditionally had higher tuberculosis incidence rates than women, in our population, black women had higher incidence of extrapulmonary tuberculosis than non-black men (3.21 vs. 1.01 per 100,000 population). This suggests that black race may play a more important role in extrapulmonary tuberculosis than male sex. We found that among all persons with tuberculosis, black women had the highest proportion of extrapulmonary disease (38.6%) compared to black men (28.1%), non-black women (24.6%), and non-black men (21.1%). Our results are consistent with previous findings that among persons with tuberculosis, blacks have a higher proportion of extrapulmonary disease compared to whites [7, 19, 20] . Our study is unique in that we stratified our findings by sex and discovered an interesting paradox: while black men had the highest incidence of extrapulmonary tuberculosis, among all persons who developed tuberculosis, black women, in addition to black men, had the highest odds of presenting with extrapulmonary disease after adjusting for HIV infection, foreign birth, as well as markers of low socioeconomic status such as excess alcohol use, drug use, and homelessness.
After infection with M. tuberculosis, the site of disease is likely determined by interactions between the pathogen and the host immune response. A recent study found that United States tuberculosis patients born in South Asian countries had higher rates of extrapulmonary tuberculosis compared to other foreign born patients, even after controlling for age and HIV coinfection [21] . This study suggested that South Asians may have an as-yet unidentified physiologic response to M. tuberculosis that increase their risk to develop disseminated disease. An intriguing hypothesis is that vitamin D deficiency, which is more common in dark-skinned individuals [22] , predisposes to extrapulmonary tuberculosis. Both epidemiologic and laboratory-based studies have suggested a link between vitamin D deficiency and susceptibility to tuberculosis [23] [24] [25] . One study found that among Gujarati Asians living in London, the f allele of the Fok1 locus of the vitamin D receptor gene was associated with extrapulmonary tuberculosis [26] .
While men typically have higher overall rates of tuberculosis compared with women [27] , previous studies have shown that among persons who develop tuberculosis, women are more likely to have extrapulmonary tuberculosis than men [7, 19, [28] [29] [30] [31] . A case-control study showed that 16.9% of female patients had extrapulmonary disease compared to 9.3% of male patients [7] . Similar findings have also been seen in Asian populations; 23.1% of women registered for tuberculosis treatment in Hong Kong had extrapulmonary tuberculosis compared to only 9.3% of men [30] . Ours is the first study that stratified results by race and discovered that black women in particular had high odds of extrapulmonary tuberculosis. Our study had several limitations. We had a substantial number of tuberculosis cases with missing HIV status. Based on demographic characteristics, these persons were likely at low risk for HIV infection. This could explain why most of the tuberculosis cases with missing HIV status were not tested for HIV. Of note, the multivariable analysis that imputed HIV status for persons in whom it was missing had similar findings to the analysis in which such persons were excluded.
Approximately one-third of the extrapulmonary cases in our study were not culture-confirmed. Extrapulmonary tuberculosis is often paucibacillary, which decreases the sensitivity of AFB smears and cultures [32] . However, all cases of tuberculosis in our cohort were verified according to the Centers for Disease Control and Prevention surveillance definition [13] . In addition, we found similar results when restricting the analysis to culture-confirmed cases only.
While previous studies have found that mandatory reporting of tuberculosis cases to health departments is comprehensive [11] , it is possible that not all cases of tuberculosis were reported during the study period. Failure to report cases would not be expected to differ based on race or sex and would be unlikely to affect study results.
Finally, several variables in our dataset, such as excess alcohol use and illicit drug use, were obtained via interview with the patient and may be inaccurate. However, previous work has shown that in the case of alcohol consumption, persons are more likely to underestimate, rather than overestimate their intake [33] . The database of tuberculosis cases did not include information on nutritional status, co-morbid conditions other than HIV status, or smoking; smoking has been identified as a risk factor for pulmonary and not extrapulmonary tuberculosis [34] [35] [36] .
Conclusion
Our study had important findings. Black men and black women had the highest incidence of extrapulmonary tuberculosis, and among all persons with tuberculosis, had the highest odds of presenting with extrapulmonary disease. Both findings support a hypothesis of an underlying predisposition to extrapulmonary tuberculosis in blacks, but the latter finding is particularly supportive because it is less related to tuberculosis exposure. Further understanding of risk factors that predispose to various forms of tuberculosis will allow for the development of strategies to prevent it and decrease its global burden. In addition, the high proportion of patients with missing HIV status highlights the importance of improving HIV testing in this high risk population [37] . 
